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‘The influence of acetate on U(V1) sorption on silica from aqueous solutions was studied at pH 2-7 by comple 


mentary experimental methods of macroscopic measurement, spectroscopic investigation and thermodyna 


calculation. Sorption percentage of U(VI) in the absence and in the presence of different acetate concentrations 


was determined by batch sorption procedures. Attenua 
ed to elucidate the mechanisms of uranyl sorption on silica in the presence of 


troscopy (ATR-FTIR) was 


acetate, by investigating, in-situ, the changes in the U(V1) sorption on silica surface in presence of ligan 
absorption bands of carboxylate v(COO) in the range 1300-1700cm~? and those around 850-950 em’ 


sd total reflection Fourier transform infra-red spec- 


the 
of 


uranyl species vas(UO2) are followed. The decrease of U(VI) sorption with increasing acetate concentration 


was observed. Sorption of U(VI)-acetate (U-Ac) 


ecies on silica surface was demonstrated for the first time. 


ATR-FTIR investigations clearly evidenced the absorption bands characteristic of sorbed U-Ac complexes both 
from the acetate and uranyl spectral regions those the wavenumbers correspond to sorbed species. No sequence 


effect of acetate and uranyl on the sorption on silica in ternary systems U(V1)-acetate 


a was observed from 


the sorption data, From the ATR-FTIR investigations, we can induce that the sorption of U-Ac leads to chemical 
equilibria and makes possible the modeling of sorption isotherms by surface complexation models. The related 
thermodynamic constants were modeled using CCM surface complexation modeling. 
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L INTRODUCTION 


In the context of long-term safety of radioactive waste 
repositories, our general focus is to follow the role of the 
short-chain carboxylic acids in the sorption of uranyl ions on- 
to silica (chosen as model surfaces of clays). Low molecular 
weight organic acids, being cellulose degradation products, 
are ubiquitous in ground and surface waters and have func- 
tional groups encountered in the natural organic matter [1-3]. 
In this paper, the role of acetic acid in the sorption of U(VI) 
onto silica is investigated. 

A detailed structural characterization of sorption is an in- 
dispensable step for understanding and modeling the sur- 
face reactions induced from aqueous solutions. Because of 
the probing of a thin sample layer whilst limiting the water 
absorbance contribution, attenuated total reflection Fourier- 
transform infra-red spectroscopy (ATR-FTIR) is used to fol- 
low the in-situ sorption of aqueous metallic ions or organic 
molecules onto mineral surfaces. This technique can be per- 
formed from metallic oxide suspensions after batch experi- 
ments or from formation of a deposit on an ATR crystal of 
high refractive index. The latter procedure was developed by 
different authors [4, 5] and used in the coating the ATR crys- 
tal by a layer of colloidal mineral particles dried under N,. 
The layer was contacted to an aqueous solution containing 
the ions to sorb in order to follow the sorption as a function 
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of time and composition of the solution (pH, ionic strength, 
concentrations of ions or molecules to sorb, etc.). 


In this paper, the in situ sorption procedure from coating 
the ATR crystal by a layer of colloidal mineral particles, de- 
veloped by Hug [4] and applied by Lefèvre er al. [5-7] and 
Miiller [8, 9] to the sorption of actinide ions on mineral sur- 
faces, is used to investigate the sorption mechanisms of uranyl 
ions on silica in presence of acetate. This is done by follow- 
ing the sorption bands of carboxylate (in the range of 1300- 
1700 cm~?) and of uranyl species (850-950 cm™?). Influence 
of the acetate in the sorption of uranyl ions on silica, and 
effect of the addition order of acetate and uranyl in the ternary 
system silica-U-Ac, are reported and discussed. 


I. METHODS AND MATERIALS 
A. Chemical and solutions 


All chemicals used were of analytical reagent grade. Acetic 
acid was provided by Sigma-Aldrich®. Sodium perchlorate 
hydrate (99.99%) (NaCIO, : H0) was provided by Sigma- 
Aldrich®. UO,(NO),+6H;0 (> 99% FLUKA@purity) 
was used. Silica (SiO,) (particle sizes of 0.2-0.5 mm, specific 
area of 380m2/g) was supplied by Merck@®. All solution- 
s were prepared with deionised water (Millipore@direct Q, 
resistivity = 18.2 M9). 
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B. Batch sorption experiments 


The procedure used in this study was similar to that de- 
scribed in Ref. [10]. All sorption experiments were carried 
out at room temperature. Silica suspensions of 10 g/L were 
prepared in a 10 mL electrolyte solution (NaC1O,) adjusted to 
the desired pH and ionic strength. The tubes were mechani- 
cally shaken for 48 h for hydration of solids. U(V1) or organic 
stock solutions were added to the suspensions simultaneous- 
ly by different orders as needed. pH values were adjusted 
by adding HCIO, or NaOH. The solution was equilibrated 
for 24 h. This duration was determined by kinetics studies 
(sorption equilibrium ys. contact time), the results showed 
that the minimal kinetics for uranyl sorption equilibrium was 
6 h; and the U(VI) sorption percentage remained constan- 
t in the following 2 days. Although no sorption was mea- 
sured for acetate ion, we chose 24 h as the equilibrium time 
in both binary (uranyl/silica or acetate/silica) and ternary (u- 
ranyl/acetate/silica) sorption systems. The sorption samples 
were then centrifuged at a rate of 3000 rpm for 30 min to sep- 
arate solid material from aqueous solution. The supernatants 
(filtered if needed) were used to measure the pH values and 
the sorption percentage of analytes by the silica gel. The sorp- 
tion percentage (% Sorbed) was defined as 


%eSorbed = [(Cret — Csurp)/Crer] x 100%, a) 


where Cret and Cup represent the concentrations of analytes 
(mol/L) in reference solutions (prepared under the same ex- 
perimental conditions of pH, ionic strength, and initial con- 
centration of analytes as sorption sample, without silica) and 
in surpernatants. U(VI) and Organics concentrations were 
determined by TRLFS (Time Resolved Laser Fluorescence 
Spectroscopy) and TOC (Total Organic Carbon) analyzer, re- 
spectively. 


C. ATR-FTIR experiments 


The spectra were investigated by FT-IR using the ATR 
technique. The silica films were prepared directly on the sur- 
face of the ATR diamond crystal (Pike MIRacle@). The ATR 
accessory was a horizontal diamond crystal (4 mm) with an 
internal reflection on the upper surface in an incident angle of 
45°. An aliquot of 1 uL of silica aqueous suspension (10 g/L) 
was pipetted onto the crystal with subsequent drying under 
a gentle N, flow. This procedure was repeated ten times to 
have a homogeneous layer and in these conditions the sorp- 
tion process was reproducible. The mineral layer deposited 
on the crystal was first rinsed with a background electrolyte 
solution of same properties (pH, temperature, ionic strength) 
as the containing uranyl or organic to sorb, by connection 
to a 50mL vessel through a peristaltic pump at flow rate of 
0.5 mL/min, according to the procedure described in Ref. [5]. 
All measurements were performed under liquid nitrogen bub- 
bling to prevent the uptake of carbon dioxide in the solution. 

FT-IR spectra were measured in a dry air-purged compart- 
ment of a Thermo Scientific Nicolet 6700 spectrometer e- 
quipped with a mercury cadmium telluride (MCT) detector. 
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The spectral resolution was 4cm™! and the spectra were av- 
eraged over 256 scans. ATR-FTIR spectra were collected us- 
ing the OMNIC@software for data processing. Spectra of 
sorbed species were decomposed by Gaussian functions us- 
ing ORIGIN®software with the peak fitting module (PFM). 


D. Surface complexation modeling 


Surface complexation models can be used to describe the 
sorption of ions on charged surfaces by assuming that adsorp- 
tion involves both a coordination reaction at specific surface 
sites and an electrostatic interaction [11]. Optimisation of 
model parameters was performed using the nonlinear least 
squares simulation code FITEQL 4.0 [12]. Constant capac- 
itance model (CCM) was used to describe the sorption of 
U(VD on oxides at high ionic strength (> 0.1 M) [13]. 
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Fig. 1. (Color online) Percentage sorption of 0.1 M U(VI) on silica 
in absence and in presence of acetate (1, 10, 50 and 100 mM) at pH 
5.4. I =0.1M. 


Ill. RESULTS AND DISCUSSION 
A. Effect of acetic acid 


The effect of acetic acid on U(VI) sorption by silica was 
studied in the concentration range of 0-100 mM. Fig. 1 shows 
the sorption profiles of UCV) as function of pH in presence of 
acetic acid at different concentrations. The results were ob- 
tained by macroscopic measurements of uranyl quantities in 
the supernanants issued from batch sorption experiments. In 
U(VD/silica binary system, U(VI) sorption increased rapidly 
with pH of the supernatants and remained constant at 100% 
after pH 5. In the U(VD/acetate/silica ternary systems, the 
presence of [Ac] < 10mM did not change much the sorp- 
tion profile of U(VI) on silica. However, the presence of 
[Ac] = 50mM and 100mM decreased effectively the sorp- 
tion percentage of U(VI) and the sorption edge shifted to 
higher pH. This behaviour could be attributed to the forma- 
tion of U(VI)-carboxylate soluble complexes (Fig. 2), which 
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could establish a new chemical equilibrium in the solid-liquid 
interface. It should be pointed out that the surface complex- 
ation constants were optimized in the context of U(VI) aque- 
ous speciation described by the thermodynamic data from 
NEA database [14] and Martell [15]. The speciation dia- 
gram of U(VD-acetate in aqueous solution were realized us- 
ing MEDUSA software. 


1.07 amenan, 
gost © 
g 
È os 
3 
g o4 
k 
5 oz 
5 

(X) 

2 3 4 g g 
pH 


U(VI) species fraction 


Fig. 2. Speciation diagrams of uranyl ions (0.1 mM) as a function 
of pH and in the absence (a) and the presence of acetate 100 mM 
(b). UOF m, UO,H;SiO} (+), UOJOH* (A), (UO,),(OH);* 
(e), (UO,),(OH)} (0), (UO,),(OH)} (4), UO,CO,OH); (O), 
UO,(CH,COO)* (<), UO, (CH;C00); (4), UOs(CH,COO); (0). 


In this pH range, the speciation of uranyl ions is mainly 
governed by U-Ac complexes: (AcO)UO$, (AcO),UO, and 
(AcO);UO; with the relative proportions varying with pH and 
acetate concentration. This results in decreased sorption of 
U(VI) on silica surface, suggesting a competition between or- 
ganic ligand and silica surface for U(VI) complexation, The 
similar decrease in the sorption of uranyl ion on silica was ob- 
served in the presence of citric acid [16]. From the sorption 
edge analysis, characterized by the increasing U(VI) sorption 
with pH, we favor a “metal-like” sorption type [17] in binary 
and ternary systems. 

The effect of ionic strength (NaClO; of 0.01-2M) on 
UCVI) sorption by silica in the absence (Fig. 3(a)) and pres- 
ence (Fig. 3(b)) of 100mM organic acids was investigated. 
The ionic strength had negligible effect on U(VI) sorption, 
suggesting an inner sphere surface complexation for U(VD on 
silica [18]. Thus, we can choose a simple model for electro- 
statics (see Section IIC ), i.e. constant capacitance model, as 
the presence of a plane dedicated to outer-sphere complexed 
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is not needed. 


(6) 100 mM acetate 
tN e 
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Fig. 3. Sorption of 0.1 mM U(V) on silica at different NaClO, con- 
centrations (a), and with 100 mM acetate and 0.5-2 M NaClO, (b). 


The ATR in-situ experiments of uranyl sorption on sili- 
ca layer were performed in 0.1M NaCI aqueous solutions. 
The uranyl concentration was chosen at 50M to minimize 
the uranyl signal coming from the aqueous solution (detec- 
tion limit of the spectroscopy for uranyl soluble species is 
0.1 mM). The pH value used was 5.5, so as to have a maximal 
U(VD sorption percentage onto silica and avoid the precipita- 
tion of U(VI) hydrolyzed species. 
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Fig. 4. (Color online) ATR spectra of O=U=0 region (a) and car- 
boxylate region (b) for U(VI)-silica, U(VI)-Ac-silica at pH 5.5. The 
silica film is simultaneously exposed to 50 pM U + 0~100mM Ac. 


‘The ATR spectra of ternary systems silica-Ac-U where ac- 
etate and uranyl were simultaneously added in aqueous solu- 
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tion ([U] = 50 uM, [Ac] = 1, 10 and 100 mM) are shown in 
Fig. 4: v(UO;) in Fig. 4(a) and v(COO) in Fig. 4(b). Con- 
cerning the O=U=O region, in the absence of acetic acid, 
the v,(UO,) band is topped at 916 cm™?, which is a shift to 
lower wavenumber than U(VT) aqueous solution (928 em~*), 
obtained under the same conditions (pH and concentrations), 
indicating a sorption process of inner-sphere type, as already 
reported in the different papers dealing with the sorption of u- 
ranyl ions on oxides (7, 19]. The wavenumber positions are in 
agreement with the those issued from the literature for uranyl 
sorbed on silica surface [9]. 

The increase of acetate concentration from 1 to 100mM 
is correlated to intensity decrease of the v,(UO,) absorption 
band (Fig. 4(a)), which is in agreement with the macroscopic 
results (Fig. 1). Moreover, the increase of acetate concen- 
tration induces a significant shift of the v,(UO,) absorption 
band (from 916cm~ for binary silica-U to 904cem~! for 
ternary silica-U-Ac 100mM), revealing an evolution of the 
uranyl surface speciation. 

Indeed, the complexation of UO3" by “electronegative” lig- 
ands weakens the O=U=O bonds, increasing bond lengths 
and causing shifts to lower frequency of v(UO;), with the 
extent of this shift related to stability of the uranyl ligand 
interaction [20]. For example, FT-IR spectra of uranyl ion 
sorbed on ferric oxides showed an absorption band v(UO;) 
in the range of 902-925 cm~? with a shift to lower wavenum- 
bers (888-903 cm~?) when surface ternary complexes with 
carbonate ions were sorbed [21, 22]. 

The bands at 916cm™! are not symmetric. This means 
that more than one sorbed species is present on silica and the 
deformation of this band might be due to variation of the pro- 
portion between the sorbed species caused by addition of the 
ligands. This result obtained by ATR-FTIR is an essential 
outcome to understand the role of organic acids in the ternary 
system: acetic acid not only complexes uranyl ion in aque- 
ous solution, but also participate to the sorption, by forming 
ternary surface complexes. The curve fitting and decomposi- 
tion of interested spectra are shown in Fig. 5. In the binary 
system, the band at 916 cm~? was decomposed (using Gaus- 
sian peaks) into 2 bands centered at 918 cm~? and 892 cm~!, 
suggesting two chemical environments of sorbed U(VI) on 
silica at pH 5.5. The two bands are seen in the ternary system 
with [Ac] = 10mM. In the presence of acetic acid, a third 
band appeared at 904 cm? for the system of acetate (the dash 
line). Peaks of the third band were characterized as the sorp- 
tion of U-carboxylate soluble species on silica, And the third 
surface species changed effectively relative proportion of the 
two bands found in the absence of acetate (band at 918 cm~} 
decreased more evidently than that at 892cm~*). Thus, the 
presence of acetate would mainly affect the chemical equilib- 
rium formed in binary system. The formation of the ternary 
surface complex would lead to a subsequent restructuration 
of binary surface complexes. 

To confirm this hypothesis, the spectra of carboxylate 
bands for silica-U and silica-U-Ac (10mM and 100mM) 
were recorded (Fig. 4(b)). All the ATR spectra (record- 
ed at the same conditions) were subtracted by that of the 
aqueous acetate at the same concentration: the fingerprint 
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Fig. 5. ATR spectra decomposition of O=U=0 region for U(VI)- 
silica, U(VI)-Ac-silica at pH 5.5. 


of U-Ac complexes sorbed onto silica is evidenced by the 
bands at 1527cm™! va(COO) and 1467 cm™? v,(COO). The 
splitting between the antisymmetric and symmetric stretch- 
ing (Av) was less than 100 cm~}, indicating that the coordi- 
nation structure between the uranyl ion and the carboxylate 
group might be “chelating bidentate” [23-25]. It is important 
to note that with the concentrations of uranyl (50 uM) and 
acetate (10-100 mM), no fingerprint of aqueous U-Ac com- 
plexes was evidenced in the ATR spectra. From the spec- 
trum analysis, it can be concluded that a shift of v3(UO3") 
caused by presence of the acids showed the change of uranyl 
coordination environment at silica-electrolyte interface. The 
spectrum of sorbed uranyl-acetate complex on silica clearly 
indicates a bidentate binding of the carboxylate group to the 
uranyl cation. 


B. The adding sequence effect on silica sorption 


The sequence effect on silica sorption was studied by 
adding acetate (100 mM) and uranyl (50 uM) in different or- 
ders. Indeed, the addition sequence of a metallic ion and an 
organic molecule is a parameter to take into account in sorp- 
tion processes because it has been shown to influence the ar- 
rangement of surface complex. Type-A ternary complexes 
(metal-like) are formed when metallic ion creates a bridge 
between surface and organics and type-B ternary complex- 
es (ligand-like) correspond to the interaction with the sur- 
face through organics, The formation of type-A or type-B 
complexes sorbed onto mineral surface depends both on the 
nature of the organic matter and of its concentration: for 
weak amounts of sorbed organics, type-A complexes are fa- 
vored [26-28], whereas for greater amounts of sorbed organ- 
ics, type-B complexes are mainly formed [29, 30]. The sorp- 
tion of metallic ion can be increased by the preliminary sorp- 
tion of organics [31] and from zeta potential measurements of 
Fairhust et al. [32] on the retention of Eu(III) in presence of 
humic acids on boehmite and goethite, the sorption of organ- 
ics induces a surface charge reversal which induces additional 
sorption sites for metallic ion retention. 

Three sequences of adding sorbents were investigated for 
the ternary system silica-uranyl-acetate: Sequence 1, acetate 
sorbed before adding uranyl; Sequence 2, uranyl sorbed be- 


810313-4 


202306.00318v1 


chinaXiv 


ROLE OF ACETIC ACID ON U(VI) SORPTION ON SILICA 


Nucl. Sci. Tech. 26, $10313 (2015) 


TABLE 1. CCM parameters and U(VI) sorption equilibrium determined using FITEQL 


Surface reaction Tog Kün) 
Surface acidity reaction 
= Si(OH,) = SiO,H~ + H* -7.5 
Surface complexation reaction 
i(OH)$ + UOZ+ = Si0,UO9 + 2H+ -4.8 +0.2 
i(OH); + UO3* + H,O = Si0,U0,(OH)” + 3H* -10.2 +0.3 
= Si(OH); + UO3* + HAc = SiO0,UO,Ac~ + 3H* -7.40.2 


Surface parameters 
Site density (sites/nm*): 0.75 
Capacitance (F/m?): 1.0 


Surface specific area (m?/g): 380-400 


fore adding acetate; and Sequence 3, adding uranyl and ac- 
etate simultaneously. The results are illustrated in Fig. 6 for 
ATR spectra of O=U=0 region (Fig. 6(a)), carboxylate re- 
gion (Fig. 6(b)) and the results of macroscopic measurements 
(Fig. 6(c)). 

It is noted that this experiment was performed by adding 
the second analyte (U or acetate, and keeping the pH and 
ionic strength as sorption conditions) after sorption equilibri- 
um of the first analyte adsorption (the continuously recorded 
FT-IR spectra were stable). Only two sequences were shown 
in Fig. 6(a) since the addition of 100 mM acetate decreased 
the U(VI) absorption band so rapidly and completely that the 
band intensity was not significant, as it was with 10 mM ac- 
etate. All the spectra show the same pattern for the v,(UO>) 
band in terms of wavenumber position of the sorbed uranyl- 
acetate species, which traduces no significant effect of the 
addition order, as observed by batch experiments (Fig. 6(c)). 
Likewise, all the ATR spectra in the 1200-1800 cm~? re- 
gion (Fig. 6(b)) show the same pattern, such as the pres- 
ence of the two carboxylate bands at 1527cm™! v,(COO) 
and 1467 cm™! v,(COO) corresponding to the uranyl-acetate 
complexes sorbed onto silica. 

No sequence effect of acetate and uranyl on the sorption 
on silica in ternary systems U(VI)-acetate-silica was observed 
from the macroscopic and structural investigations, which in- 
duces that the sorption reactions of U-Ac lead to chemical 
equilibrium. The sorbed systems are in thermodynamical 
equilibrium whatever the addition order of uranyl and acetate, 
and the surface speciation is identical. These results are of 
great importance for modeling the sorption isotherms of this 
system by surface complexation models. 

As no sorption evidence for acetate ion on silica was 
observed in acetate-silica binary system (macroscopic mea- 
surement and spectral analysis), type-A complex for sorbed 
U(VI)-acetate complex in ternary systems can be concluded. 


C. Modeling 


Previous EXAFS analysis suggested that the sorbed u- 
ranyl ions on silica might form inner sphere mono-silicium 
bidentate surface complexes [33, 34]. In this study, no out- 
er sphere surface complex was detected. The ionic strength 
was maintained at 0.1 M for all sorption systems. Therefore, 
2-pK/CCM was used to simulate the complexation reaction 


of uranyl ion on silica surface. The surface acidity constants 
(Ki, Ka), site density of silica and the value of Helmholtz 
capacitance (in the case of CCM) were obtained by fitting 
potentiometric titration data. 

The surface functional groups were defined as the main 
surface species responsible for the surface complexation. The 
pH dependent surface charge varies due to the deprotonation 
reaction according to the following equilibrium: 


=Si(OH), =SiO,H->+H* =K(-), —Q) 


where A((—) is the intrinsic equilibrium constant of the equa- 
tion. The results of surface acid-base parameters are given 
in Table 1. The protonation constant X (+) of silica was not 
considered in the pH range of 2-8 since the value log K (+) 
is low (from —2 to 0.5 [35, 36]). 

In this study, the relative constants for surface complex- 
ation reactions were determined by both macroscopic and 
structural data, and the information is provided as complete 
as possible about U(VI) sorption speciation on silica: the de- 
pendence of U(VI) sorption on pH and the complexing lig- 
and concentration, the ternary surface complex, the number 
of sorbed species and their distribution as a function of pH or 
organic concentration. 

The result of UVI) sorption curve fitting in binary system 
is shown in Fig. 7(a), and the relative constants log K are list- 
ed in Table 1. At [uranyl] = 0.1 mM, [Si(IV)] < 2mM [37], 
free uranyl ion UO3* and uranyl silicate complex UO, H; SiO} 
are the dominant soluble species at pH 3. The complex 1 
can be attributed to either of the two species sorbed on silica. 
Meanwhile, the complex 2 can be attributed to the sorption 
of mono- or polynuclear hydrated species. Several combina- 
tions of “complex 1” + “complex 2” were employed to fit the 
sorption data. An excellent agreement was found for com- 
plex 1: =Si0,UO, or =SiOHUO,H,SiO, and complex 2: 
=SiOHUO,OH). 

The sorption data of the ternary systems were simulated 
using similar analogy. The fitting results are illustrated in 
Figs. 7(b) and 7(c). The relative equilibrium constants are 
summarized in Table 1. Successful fitting of the experimental 
data was achieved with adding a third surface complex, which 
was observed by spectroscopic analysis and determined as the 
sorption of U(VI)-carboxylate soluble species on silica. The 
complex UO,(CH,COO”)* was chosen for the following rea- 
sons: 
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Fig. 6. (Color online) Effect of the order to add 100-mM acetate and 50-M uranyl on silica sorption at pH 5.5. (a) The ATR spectra 
of O=U=0 region, (b) carboxylate region, (c) macroscopic data for sorption of 0.1 mM U(VI) on silica in absence of acetate (e) and in 
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Fig. 7. (Color online) Modeling of U(VI) sorption in absence of Ac (a) and with 10mM (b) and 100 mM (c) Ac on silica. e, = Si0,U0,; 


Si0,U0,OH ; x, = Si0,UO,Ac’; m, experimental data, 
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1) ATR-FTIR spectra showed that the coordination struc- 
ture between U(VI) and carboxylate group was chelating for 
the sorbed species, and the site chosen was bidentate. As the 
coordination number for U(VI) equatorial plane is generally 
5-6 [38], it is likely that the sorption of UO,(RCOO-)* on 
silica is logical. 

2) The ternary surface complex appeared from pH = 
(observed by TRLFS, not shown here), according to the dia- 
gram (Fig. 2), UO,(RCOO”)* is predominate at the same pH. 
The distribution calculated by the model (Figs. 7(b) and 7(c)) 
confirmed the ATR-FTIR investigations: the increasing con- 
tribution of the ternary surface complexes and the decreasing 
contribution of complex 1 occurred simultaneously when the 
organics concentration increased. The acetate ion complexed 
UCVI) in aqueous solution at silica/electrolyte interface. 


IV. CONCLUSION 


In this paper, two experimental complementary approaches 
(macroscopic sorption data, and ATR-FTIR for molecular in- 
formations both from the carboxylate and from the O=U=O 
spectral regions) coupled to thermodynamical calculations 
were successfully applied to study the influence of acetate 
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on the sorption of uranyl ions on silica as well as the addi- 
tion order in the ternary system silica-U(VI)-acetate. ATR- 
FTIR result data evidenced for the first time the presence 
of U-Ac complexes sorbed on silica surface. The two anal- 
ysis approaches are both complementary and coherent, and 
evidence that the presence of organic ligand changes U(VD 
sorption profile on silica. The acetate ion participates in the 
uranyl-silica surface complexation, 

ATR-FTIR investigations clearly showed the absorption 
bands characteristic of sorbed U-Ac complexes both from 
the acetate and uranyl spectral regions, and the coordination 
structure between U(VI) and carboxylate group was chelat- 
ing bidentate for the ternary surface complexes. Moreover, no 
effect of the addition order of acetate and uranyl on the sorp- 
tion on silica in ternary systems silica-U(VI)-acetate has been 
evidenced. The sorbed systems are at the thermodynamical 
equilibrium inducing the possible modeling of all the sorp- 
tion isotherms of our systems by surface complexation mod- 
els. The surface reactions with related equilibrium constants 
were successfully simulated. This study concerning the role 
of the short-chain carboxylic acids in the uranyl sorption onto 
silica is of great importance to predict the migration of uranyl 
ions in the geosphere in the context of the long-term safety of 
radioactive waste repositories. 
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